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A NEW CHART FOR ESTIMATING THE ABSOLUTE CEILING OF AN AIRPLANE 

By Wai/ebb S. Diehl 



SUMMARY 

This report, which vxls prepared Jor publication by the 
National Advisory Committee for Aeronautics, is con- 
cerned with the derivation of a chart for estimating the 
absolute ceiling of an airplane. This chart may be used 
in conjunction vjith the usual curves of power retired 
and power available as an accurate substitute for extended 
calcidation, or it may be used in the estimation of absolute 
ceiling when power ewrves are not available. 

INTEODDCTION 

The absolute ceiling of an. airplane is tte greatest 
altitude that can be attained under specified conditions 
of loading and power. It is the altitude at which the 
maximum rate of climb is zero. At the absolute ceiling 
the curres of power available and power required are 
tangent and Sight is possible at only one air speed or 
angle of attack. 

There are many methods for calculating the absolute 
ceiling with considerable accuracy or estimating it to 
a close average approximation. One widely used 
method is to calculate the rate of climb at tirree or 
more altitudes and plot these rates of climb against 
altitude. Siuce the rate of climb decreases almost 
linearly with altitude, a curve may readily be drawn, 
through the calculated points and extrapolated to the 
altitude axis where the intercept gives the absolute 
ceiling. The calculations required are comparatively 
simple but rather extensive. 

It has been shown by the writer (Chapter VII, 
Reference 1) that the absolute ceiling may be obtained 
from the intersection of two special but easily deter- 
mined curves drawn on the usual plot of power avail- 
able and power required against air speed. It now 
appears that the calculations required m this method 
can be still further simplified and the absolute ceiling 
obtained directly from the ratio of miTn'Trmm thrust 
power required to maximum thrust power available 
and the ratio of maximum speed to TninirrmTn speed. 
These ratios may be determined either from the cal- 
culated power curves or from a direct estimation. 
Since the estimation of these ratios can be made to a 
comparatively high degree of accuracy, it foUows that 
a similar degree of accuracy is obtained in the estima- 
tion of absolute ceiling. Extended application of this 



method in routine performance calculations has indi- 
cated that for all practical purposes it is fully equivalent 
to a complete calculation. The use of the ratio of 
minim nm thrust power required to maximum thrust 
power available in the determination of absolute ceiling 
is very old, Hofmann (Reference 2) employed such a 
method in 1913 and implied by footnote reference that 
it was used as early as 1909 or 1910. "Warner (Eefer- 
ences 3 and 4} gives the absolute ceiling in terms of 
this ratio. The present method, while making use of 
the power ratio, differs from the previous methods in 
that the final ceOing chart given herein is essentially a 
condensed general solution for an exact graphical 
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method, rather than an approximation based on the 
obvious and well-recognized importance of the power 
ratio. 

CALCULATION OF ABSOLUTE CEILING 

The author has shown elsewhere (Eeference 1) that 
the usual sea level curves of power available and 
power required plotted against air speed may be used 
in conjunction with a simple construction to obtain 
the absolute ceiling. This construction, illustrated in 
Figure 1, is based on the assumption that at the abso- 
lute ceiling the curve of power available is tangent to 
the curve of power required at or very near to the 
minimum power required. If a climb is started at 
sea level at the angle of attack for minTmnm power 
required and this angle of attack is maintaiaed up to 
the absolute ceiling, the best rate of climb will not 
be obtained at low altitudes but the final altitude 
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obtained wiU not be affected. Since the angle of at- 
tack is constant the power required and the air speed 
will both vary di rectl y as the sq uare root of the inverse 
density ratio -{pjp- When -^pTp^"^) power 
required and air speed will be twice as great as at 
sea level. In other words, the minimum power re- 
quired win lie on the straight line AB which is so drawn 
that the power and the speed at point B have twice 
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their values at point A. The multiple 2 is merely a 
matter of convenience; any desired factor may be used. 

The curve CEG on F^ure 1 is the corresponding 
variation in power available, determined as follows. 

When ■}/pJp=^=l.lO the minimum power required 

is at the point F. At this speed at sea level the power 

available is at D. Now -^^^ l-^O corresponds to an 

altitude of 6,368 feet at which the power of an average 
engine is 77.6 per cent of its sea level value, as shown on 
Figure 2 or Table 1. Multiplying the power at D by 
the power factor 0.776 gives the point E, which is the 
power available, corresponding to the minimum 
power required at F. This process is repeated at 

several values of ■}/po/p=y- sja.i a curve CEG is drawn 

through the points so determined. The intersection 
of this curve with the line AB at the point G gives the 
value of the speed V at the absolute ceUing. The 
ratio of this speed to the speed for rninimum power 

required at sea level gives •^^=^ from which the 
absolute ceiling is determined. In the example shown 



on Figure 1, the speed at absolute ceiling, given by the 
intersection at G is F=91 m. p. h. The sea level 
speed for minimum power at point A is F, = 70 m. p. h. 

Hence '^=|^=L30 and from Figure 2 tho altitude 

corresponding to ^^=^=1.30 is 16,864 ft. 

These calculations are simpliiSed by the use of a 
chart such as Figure 2, on which power factors and 

!o~ V 

altitudes are plotted against -Y'^=p^' This power 

factor is the ratio of the thrust power at altitude to the 
thrust power at sea level at constant true air speed. 
It includes any effect due to change in r. p. m. with 
altitude at constant air speed. 

The partictilar curve of power factors shown on 
Figure 2 applies to the average airplane engine without 
superchai-giag. A similar carre may be obtained for 
any particular engine from the performance in a full 
Uirottle climb at constant true air speed by the use of 
the method described in Chapter VI of Reference 1. 

DERIVATION OF THE CEILING CHART 

A study of the method just outlined has led to tlio 
development of a chart which greatly reduces tho 
calculations required for the determination of absolute 
celling. This chart also provides a most satisfactory 
method of estimating absolute ceiling. The diagram- 
matic sketch, Figure 3, shows the curves on which the 
chart is based. The minimum power required and the 
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power available expressed as ratios of the maximum 
sea level thrust power available are plotted against 
altitude. The curves AB and CG on Figure 3 are 
equivalent to the similarly lettered curves on Figure 1. 
The ratio of the powers at C and H on Figure 1 deter- 
mines the point C on Figure 3. In a similar manner 
the ratio of the powers at A and H on Figure 1 deter- 
mmes the point A on Figure 3. Each point on the 
two curves is in terms of the maximum thrust horse- 
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power available and the plot is against altitude 
directly instead of speed as in Figure 1. It is assumed, 
as is generally the case, that the maximum thrust 
horsepower available is that at maximum speed. 

This method of plotting may be expanded into a set 
of general curves by the use of the general curve of 
t.hp. given on Figure 4. An analysis of the power 
curves for a great number of airplanes shows that the 
average air speed V at which the curves of power 
available and power required are tangent at the 
absolute ceiling is 17 per cent greater than the stalling 



speed, F„ that is, r,=1.17F„ or F=l.m 

Consequently for any given ratio of stalling speed, 
V„ to maximum speed, Vn, the ratio at sea level of 
t.hpao to tJipmo may be read directly from Figure 4, 

at the point 1.17 tt*-- As the altitude is increased, this 

speed becomes 1.17 or 1.17^x^f and the 

corresponding sea level value of the ratio t.hp,o/t.hpmo 
increases accordin^y. For any given altitude, or 

corresponding value of •t/— , the value of t.hp,/t Jipmo 

V P 

is obtained by multiplying t.hpio/t.hpmo by the power 
factor for the altitude in question. The calculations 

for 2.4 or Yr = 0.4167 are given in Table I to 

Uustrate the method. 



factors, or variation of power with altitude as given in 
column 5 of Table I or Figure 2, gives the values of 
t.hpa/t.hp„„ in Table III. 

The calculation of t.hpr/t.hpnit> is less complicated. 
Any initial value of t.hpro/t.hpmo is multiplied by 



^ to obtain t.hpr/t.hpa 



Any convenient series 
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of initial values, such as those used in Table IV, may 
be used. 

The dat-a from Tables III and IV" may now be 
plotted as in Figure 5. The absolute ceiling is deter- 
nuned by the intersection of given curves of t.hpr/t.hp„« 
and tJipa/t.hp.nio Since the latter is a function of 
V,JV„ all that is required to determine the absolute 
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These calculations can be carried through for 
a series of values of V^V, giving the values of 
t.hpao/t.hpmo in Table II. If these values in Table EE 
are multiplied by the power factors at each altitude, one 
obtains the values of tJip»/t.hpmo; that is, the power 
available at altitude in terms of the maximum power 
available at sea level. The values in Table II apply 
to any engine not operated at the "peak" of its power 
curve. Consequently, they may be used to construct 
a ceiling chart for any engine having a known variation 
of power with altitude. Using the average power 



ceiling is the maximum speed, minimum speed, mini- 
mum horsepower required, and maximum horsepower 
available. 

Since the absolute ceiling normally falls between 
8,000 feet and 28,000 feet, the section indicated by 
the rectangle on Figure 5 has been redrawn to a larger 
scale in Figure 6 and additional cmrres interpolated 
for convenience in reading. 

To use the chart find the sea levd values of the 
ratio of maximum speed to mTTiimuTn speed T^„/F, 
and the ratio of minimum thrust horsepower required 



114 



SEPORT NATIONAL ADVISOBT 



COMMITTBE FOR AERONATJTICS 



to maximuin thrust horsepower available (min. 
t.hpro/max. t.hpio). The intersection of the two 
curves corresponding to these values determines the 
absolute ceiling. 

For example; refer to Figure 1. 

Maximum speed, 132.3, 

Stalling speed, y,= 60.0 .•.^=2.205, 



Minimum t;hp required, t.hpio = 208. 



may be estimated with reasonable accuracy, the chart 
may be used to~estimate absolute oeiHng. 

It has been shown (Reference 5) that the ratio of 
maximum speed Vn to stalling speed Ft, is given by 



V,- 



(1) 
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24000 
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28000 



Maximum t.hp available, t.hp»o = 657, 

Minimum t.hpr<,/max. t.hp„ = 208/667 = 0.317. 
y 

From Figure 6 for -^=2,205 and (min. t.hpro/max. 

t.hpao) = 0.317, the absolute ceiling is found to be 
16,900 feet. This value checks very dosely with that 
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found from the ratio of given by the construction 
on Figure 1. 

USE OF CHART FOE ESTIMATING ABSOLUTE CEILING 
Absolute ceiling is determined on Figure 6 by the 
ratios of and t.hpro/t.hpnio. Since these ratios 



where itn is the maximum propeller efficiency L\D 
the maximum ratio of lift to drag, W the gross weight 
in ppimds, b.hp the maximum brake horsepower, Y, 
the stalling speed, and K an approximately constant 
coefficient having an average value of 10.2. The 
variation of K and max. (X/Z?) with aspect ratio and 
parasite is given in Reference 1. 
The horsepower required for horizontal flight is 



t.hpr= 



376 



(2)" 



Where is the air speed ia m. p. h. and (£/!>) is 
the ratio of lift to drag corresponding to the speed Vc. 
To determine the minimum value of t.hpr by estima- 
tion, it is desirable that relations be found between 
F, and F^ and between (X/D) and the maximum 
value of iHD). This can be done either directly or 
indirectly. A direct method is to write equation (2) 
in the form 

Wy.KiY, _ WV, 

(3) 



t.hpro = 



and determine the value of k from calculated power 
curves. An indirect method is to determine the rela- 
tion between (L/D)atx. and the value of (LfD) at 
Fo=i.l7 F,. Both of these methods have boon 
employed, k shows a small but dofinito variation 
with effective aspect ratio as indicated on Figure 7. 
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With the direct method, values of k were determined 
from wiad timnel teat data for about 20 airplanes. 
With the iadirect method, the calculated variation of 
L[D with speed range and aspect ratio, gives a series 
of points which determine the curve shown on Figure 7. 
This curve may be used m estimates where the extra 
accuracy is required, but for aU practical purposes it is 
sufficient to assume ii: = 310. 
Since the maximum thrust horsepower is 

t.hp™=77„b.hp (4) 

it follows that 




With equations 1 and 5, the ceiling chart. Figure 6, \ 
may be used to estimate absolute ceiling. This 
method has proved highly satisfactory for routine 
estimation. 

As an approximate method for airplanes with super- 
charged engines the initial conditions may be taken 
at the critical altitude and the calculations carried 
through as for a normal engine. The absolute ceiling 
so obtained is the altitude referred to the critical 
altitude as zero, and the true absolute ceiling is ob- 
tained fay adding the critical altitude. For example, 
if the critical altitude is 15,000 feet and upon calcula- 
tions based on initial conditions at 15,000 feet (i. e., 
speeds, power required, and power available) the 
ceiling is found to be 20,000 feet, this indicates that 
the airplane can climb to an altitude 20,000 feet higher 
than the critical altitude for the engine, or that the 
absolute ceiling is 35,000 feet. Comparisons with the 
limited test data available for supercharged engines 
indicates that this approximation gives satisfactory 
results. 

Btjbeau of Ajebonatitics, 

Navy Department, July, 19S0. 
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Table I. — Example of cdlcvlation o/ t.hps/t.hp, 





Altitude, 
ifeet 


V 
V. V 


tJil)_. 


Power 
fcctorF 


tip. 


1.00 


0 


a.4ss 


0.6Sfi 


LOGO 


Q.SSS 


1.05 


3,206 


.SIS 


.70! 


.878 


.620 


LID 


t,JSS 


.530 


.730 


.776 


.667 


Lli 


9,2i2 


..iS61 


.751 


.6SS 


.617 


L20 


11,033 


.SS5 


.771 


.sia 


.473 


1.3S 
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.S08 
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.431 
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lB,Se4 
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.658 


.S2S 


.443 


.366 
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.6S2 


.»a 


.402 


.338 


1.H) 


3S,m 


.731 


.873 


.833 


.389 


1.60 
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.HR 


.sas 


.2.8 


.348 



Table II. — Calcvialti ndLrtes of 
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.842 
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.703 


.761 
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14,474 
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Table III. — Variation of t.hpjt.hpaavnthaltilude and speed ratio 
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.737 
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.506 


.484 
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6,368 


.668 


.632 


.599 


.667 


.643 
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.488 


.465 


.448 
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9,343 


.606 


.575 


.645 


.517 


.491 


.428 


.445 


.425 


.406 


L3Q 


11,938 


.646 


.523 


.195 


.472 


.418 


.428 


.408 


.391 


.376 
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14,474 
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.476 


.463 


.431 


.411 


.393 


.374 
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.344 
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.456 
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.415 


.395 


.378 
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.332 


.330 
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19,131 


.421 


.401 


.383 


.366 


.360 


.338 


.330 


.aos 


.397 


L40 


21,263 


.387 


.369 


.353 


.338 


.323 


.310 


.397 


.285 


.276 


L60 


2!!^ 228 




.315 


.301 


.339 


.277 


.266 


.354 


.346 


.336 
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Nbix.— Tliese values at t.bp,/t Jipna an based on the power fiu!t«ra given in 
column S at Table I. 



Tablb IV. — Varialion of t.hpr/t.hpM icith altitude 
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0.600 


0.450 


0^400 


0.350 


0.300 


0.250 
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0.100 
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3,296 


.625 


.472 


.420 


.368 


.316 


.262 


.310 


.167 


.105 


LU 


6,368 


.550 


.495 


.410 


.385 


.330 


.276 


.220 


.165 


.UD 


LIS 


9,2(3 


.575 


.618 


.460 


.403 


.345 


.288 


.230 


.172 


.U5 


L3a 


11,938 


.600 


.«0 


.480 


.420 


.360 


.300 


.240 


.180 


.120 


L35 


14,474 


.625 


.563 


.500 


.438 


.375 


.812 


.350 


.187 


.ISS 


L3a 


1^864 


.650 


.545 


.520 


.495 


.360 


.326 


.260 


.195 


.130 


L39 


19i m 


.676 


.60S 


.540 


.472 


.405 


.338 


.270 


.202 


.135 


L40 


31,363 


.700 


.630 


.sea 


.490 


.430 


.350 


.380 


.210 


.140 


L60 


26k 22S 


.750 


.S7S 
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.G2S 


.450 


.376 


.100 


.325 
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28; 812 






.«0 


.560 


.480 


.400 


.330 


.240 


.160 











